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(54) Flame-retardant resin composition, and prepregs and laminates using such composition 



(57) The present invention provides a resin compo- 
sition having excellent flame retardancy without using 
any halogen-containing flame retardant, and prepregs 
and laminates using such a resin composition. More 
specifically, the present invention provides a flame-re- 
tardant resin composition comprising as essential com- 



ponents (A) an epoxy resin, (B) a curing agent and (C) 
a phosphorus compound containing at least as part 
thereof a phosphine oxide compound, a prepreg pro- 
duced by impregnating this flame-retardant resin com- 
position in a fiber base, and a laminate produced by hot- 
pressing a single sheet or a pile of two or more sheets 
of the prepreg. 
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Description 

[0001] The present invention relates to a resin composition having excellent flame retardancy with no halogen-con- 
taining flame retardant incorporated, and prepregs and laminates using such a resin composition. 

5 [0002] Owing to their surpassing properties, thermosetting resins represented by epoxy resins are prevalently used 
for electrical and electronic machine parts, and in many cases these resins are provided with flame retardancy for 
securing safety against fires in use. Conventionally, the resins have been made flame-retardant by incorporating a 
halogen-containing compound such as brominated epoxy resin. Although such halogen-containing compounds have 
high flame retardancy, aromatic bromine compounds have the problem that they not only release corrosive bromine 

10 and hydrogen bromide in the course of pyrolysis but also have a possibility of forming highly toxicant polybromodiben- 
zofuran and polydibromobenzoxine when decomposed in the presence of oxygen. Further, great difficulty comes in 
disposing of superannuated wastes containing bromine. For these reasons, study is now being made in earnest on 
use of phosphorus and nitrogen compounds as well as inorganic fillers as aflame redardant in place of the conventional 
bromine-containing ones. 

15 [0003] As mentioned above, flame retarding of resins can be realized by making use of a phosphorus compound, a 
nitrogen compound and an inorganic filler. This is based on the concept that the nitrogen and phosphorus compounds 
accelerate carbonization of a resin to prevent its combustion, while the inorganic fillers help to reduce the amount of 
a combustible resin by their addition, consequently making the resin less combustible. Inorganic fillers such as metal 
hydroxides release water when burned to lower temperature and thereby prevent combustion. It has been known in 

20 the art, as disclosed in for instance JP-A-1 0-1 951 78 and JP-A-1 0-1 66501 , to render resins flame-retardant by incor- 
porating a phosphorus compound and a nitrogen compound along with an inorganic filler instead of using a halogen 
compound, and prepregs and laminates using such resin compositions have been put to practical use. 
[0004] The circuit-board manufacturing process involves various chemical liquid treating steps. In the desmearing 
step, for instance, a basic compound such as sodium hydroxide is required, while use of an oxidizing compound is 

25 essential for the blackening treatment. Phosphorus compounds such as phosphoric esters, which are commonly used 
as a flame retardant, have the problem that they tend to react with the above-mentioned treating compounds to give 
rise to difficulties. 

[0005] As a phosphorus compound reactive with epoxy resins and epoxy resin curing agents, other than phosphoric 
esters, there is known 9,1 0-dihydro-9-oxa-1 0-phosphaphenanthrene-1 0-oxide (produced and sold under the trade 

30 name of HCA by Sanko Chemical Co., Ltd.). (See, for example, JP-A-1 1 -124489 and JP-A-2000-7898). HCA is hardly 
hydrolyzable and has excellent chemical resistance, but it is highly reactive with epoxy resins, so that when HCA alone 
is used as a phosphorus compound, its content must be increased and the reaction proceeds in the state of pre-curing 
varnish with an epoxy resin, and hence the final product such as a laminate may not be provided with the desired 
properties such as soldering heat resistance. 

35 [0006] The present invention has been achieved in the course of studies for solving the above problems, and it 
provides a resin composition having excellent chemical resistance and flame retardancy by using a phosphine oxide 
compound with a low tendency to hydrolyze as a phosphorus-containing flame retardant. It is also envisaged in the 
present invention to provide prepregs using the resin composition, and flame-retardant laminates comprising such 
prepregs. 

40 [0007] Specifically, the present invention provides a flame-retardant resin composition comprising as essential com- 
ponents (A) an epoxy resin, (B) a curing agent, and (C) a phosphorus compound containing at least as a part thereof 
a phosphine oxide compound. The present invention also provides a prepreg obtained by impregnating the flame- 
retardant resin composition in a base, and a flame-retardant laminate or a copper-clad flame-retardant laminate pro- 
duced by hot-pressing a single sheet or a pile of two or more sheets of the prepreg. 

45 [0008] As mentioned above, the added type phosphoric esters generally used as a phosphoric flame retardant, such 
as triphenyl phosphate and cresyl diphenyl phosphate, are easily hydrolyzed and tend to be eluted in a chemical 
solution. Therefore, resin compositions comprising such compounds as a flame retardant involve problems in their use 
for laminates. 

[0009] The phosphine oxide compounds are less susceptible to hydrolysis as they have P-C bonds. These com- 
50 pounds, therefore, unlike the phosphoric esters having P-O bonds, have surpassing chemical resistance. Also, they 
show satisfactory flame retardancy by addition of only a small quantity because of high phosphorus content. 
[0010] Generally, phosphorus compounds are hygroscopic, so that too much loading of a phosphorus compound 
gives adverse effects to moisture resistance and other properties of the cured resin composition. In contrast, phosphine 
oxide compounds have a restrained tendency to hydrolyze and low hygroscopicity. It is also notable that use of a 
55 novolak epoxy resin and a novolak resin as a curing agent makes it possible to provide satisfactory flame retardancy 
of the composition by addition of a smaller amount of phosphorous compound than required in the conventional art, 
because these resins have a high content of benzene rings and are therefore high in heat resistance and flame retar- 
dancy. 
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[0011] Thus, the flame-retardant resin composition according to the present invention is characterized by use of an 
epoxy resin and a curing agent with high heat resistance and use of a phosphine oxide compound as a flame retardant 
to realize satisfactory flame retardancy and chemical resistance of the composition without using a halogen compound. 
[0012] Examples of the epoxy resins (A) usable in the present invention include bisphenol A epoxy resins, bisphenol 
5 F epoxy resins, phenolic novolak epoxy resins, cresol novolak epoxy resins, and bisphenol A novolak epoxy resins, 
and are not limited to these epoxy resins. It is also possible to use two or more different types of epoxy resins simul- 
taneously. 

[0013] In view of heat resistance, it is preferred to use the novolak epoxy resins with a high benzene ring content 
and high heat resistance, especially phenolic novolak epoxy resins and cresol novolak epoxy resins. The phenolic 
10 aralkyl epoxy resins represented by the following formula (1), the naphthalene aralkyl epoxy resins represented by the 
following formula (2) and the biphenyl-modified epoxy resins represented by thefollowingformula (3) are also preferred, 
as these resins have a high content of aromatic rings and are small in ratio of polar groups, and hence high in heat 
resistance and capable of reducing water absorption of the composition: 

15 



20 




wherein n is a natural number, 

30 




40 



wherein n is a natural number, and 

45 



50 



55 




wherein n is a natural number. 



3 



EP 1 116 774 A2 



[0014] In the present invention, the above type of epoxy resin is preferably used in an amount of at least 50% by 
weight of the whole epoxy resins for providing the desired improvement of heat resistance and flame retardancy. 
[0015] As the curing agent used as component (B) in the present invention, novolak resins, amine compounds, acid 
anhydrides and the like can be used. Novolak resins are preferred, as they have high heat resistance and allow re- 
5 duction of the amount of the phosphorus compound to be added. Phenolic novolak resins and phenolic aralkyl resins 
are usually used. Use of a triazine-modified novolak resin represented by the following formula (4) is preferred, as 
flame retardancy is further improved by the presence of triazine ring which is a nitrogenous component: 




wherein R is NH 2 , alkyl group or phenyl group; and m and n are each a natural number. 
20 [0016] In view of the fact that a phosphorus compound is contained in the composition, the nitrogen content is pref- 
erably selected to be 2.5 to 4% by weight per 1 00 parts by weight of the epoxy resins, curing agent and phosphorus 
compound combined. If the nitrogen content is less than 2.5% by weight, desired flame retardancy may not be obtained, 
and if it exceeds 4.0% by weight, the produced composition tends to have too high hygroscopicity. 
[0017] The phenolic aralkyl resins represented by the following formula (5), the naphthalene aralkyl resins repre- 
ss sented by the following formula (6), the biphenyl-modified novolak resins represented by the following formula (7) and 
the toluene-, xylene- or mesitylene-modified novolak resins represented by the following formula (8) are also preferred 
for use in the present invention, as these resins have a high content of aromatic rings and are small in ratio of polar 
groups, and hence high in heat resistance and conducive to the reduction of water absorption of the composition: 

30 



OH OH 



35 




wherein n is a natural number, 

40 



45 




wherein n is a natural number, 

50 



OH OH 



55 
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wherein n is a natural number, and 



5 



10 




wherein m and n are each a natural number, and € is a number of 1 , 2 or 3. 

[0018] In case novolak resins are used as curing agent (B), it is preferable to use a combination of (a) a triazine- 
15 modified novolak resin of the formula (4) and (b) at least one member selected from the group consisting of phenolic 
aralkyl resins of the formula (5), naphthalene aralkyl resins of the formula (6), biphenyl-modified novolak resins of the 
formula (7) and toluene-, xylene- or mesitylene-modified novolak resins of the formula (8), as this combination of no- 
volak resins has high heat resistance and excellent flame retardancy. The preferred (a)/(b) ratio is 60/40 to 20/80 in 
view of the above properties. 

20 [0019] When novolak resins are used as a curing agent, the ratio of novolak resins to epoxy resins is preferably 
0.8-1.2 in terms of equivalent ratio (phenolic hydroxyl group/epoxy group). If this ratio is outside the above-defined 
range, the free epoxy groups or phenolic hydroxyl groups remain in the composition to give adverse effects to its heat 
resistance and water absorption. 

[0020] In the present invention, a phosphine oxide compound (C) is used as a phosphorus compound acting as a 

25 flame retardant. Phosphine oxide compounds are hardly hydrolyzed and have high chemical resistance. Typical ex- 
amples of such phosphine oxide compounds aretriphenylphosphine oxide and tricresylphosphine oxide. Use of 9,1 0-di- 
hydro-9-oxa-10-phosphaphenanthrene-10-oxide (HCA), a phosphorus compound which, like said phosphine oxide 
compounds, is hardly hydrolyzed and has high chemical resistance, in combination with said phosphine oxide com- 
pound is a preferred embodiment of the present invention. 

30 [0021] In the present invention, the phosphorus content provided by the phosphorus compounds such as phosphine 
oxide compound (C) is preferably 0.5 - 3% by weight per 100 parts by weight of the epoxy resins, curing agent and 
phosphorus compounds combined. If the phosphorus content is less than 0.5% by weight, desired flame retardancy 
may not be obtained, and if it exceeds 3.0% by weight, the produced composition tends to have too high hygroscopicity. 
[0022] The flame-retardant resin composition of the present invention comprises as its essential components an 

35 epoxy resin, a curing agent and a phosphorus compound functioning as a flame retardant as mentioned above, but it 
is possible to add other types of epoxy resin and curing agent, or other types of resin and curing agent, curing accel- 
erator, coupling agent or other necessary components within limits not prejudicial to the object of the present invention. 
In the present invention, however, it is preferred not to add phosphoric esters so as not to deteriorate the innate prop- 
erties, especially chemical resistance, of the resins and laminates. According to the present invention, excellent flame 

40 retardancy can be realized although no phosphoric ester is contained in the composition. 

[0023] The flame-retardant resin composition of the present invention finds various ways of utilization. In case the 
composition is impregnated in a fiber base, it is usually used in the form of a varnish prepared by dissolving the com- 
position in a solvent. As the solvent, there is usually used one having a high capability to dissolve the composition, but 
use of a poor solvent is not excluded as far as it does not cause any adverse effect. 

45 [0024] The varnish obtained by dissolving the flame-retardant resin composition of the present invention in a solvent 
may be applied on or impregnated in a base such as woven glass fabric, non-woven glass fabric, or woven or non- 
woven fabrics made of other materials than glass fiber, and dried at 80 to 200°C to make a prepreg. Such a prepreg 
may be hot-pressed to produce a laminate or a copper-clad laminate. The flame-retardant resin composition according 
to the present invention is a thermosetting resin composition having outstanding flame retardancy without containing 

50 any halogen compound, and is especially suited for use as a base material of prepregs and laminates for printed circuit 
boards. 

[0025] The present invention will be described in further detail below with reference to the examples thereof. 
Example 1 

55 

[0026] 1 00 parts by weight of a phenolic novolak epoxy resin (Epiclon N-770 produced by Dainippon Ink and Chem- 
icals, Inc.), 49 parts by weight of a phenolic aralkyl resin (Milex XLC-LL produced by Mitsui Chemical Co., Ltd.), 31 
parts by weight of a triazine-modified phenolic novolak resin (LA-7054 produced by Dainippon Ink and Chemicals, Inc.) 
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and 40 parts by weight of triphenylphosphine oxide were dissolved in methyl cellosolve to prepare a varnish with a 
nonvolatile concentration of 60% by weight. The varnish had a phosphorus content of 2.0% by weight and a nitrogen 
content of 1 .7% by weight per 1 00% by weight of the epoxy resin, curing agent and phosphorus compound combined. 
[0027] This varnish was impregnated, in an amount of 80 parts by weight as solids, in 1 00 parts by weight of a woven 
5 glass fabric (0.18 mm thick, manufactured by Nitto Boseki KK) and dried in a 1 50°C drying oven for 5 minutes to make 
a prepreg with a resin content of 44.4% by weight. 

[0028] 6 sheets of this prepreg were placed one over another, with a 35 jim thick electrolytic copper foil placed on 
the top and at the bottom of the pile, and subjected to hot compression molding under the conditions of 40 kgf/cm 2 
and 190°C for 120 minutes to obtain a 1 .2 mm thick double-side copper-clad laminate. 

10 

Examples 2-6 and Comparative Examples 1-4 

[0029] The resin compositions of the formulations shown in Table 1 (Examples) and Table 2 (Comparative Examples) 
were dissolved in methyl cellosolve to prepare varnishes with a nonvolatile concentration of 60% by weight. Thereafter 
15 the same procedure as in Example 1 was repeated to make double-side copper-clad laminates. 

[0030] Flame retardancy, soldering heat resistance, copper foil peel strength and chemical resistance of the obtained 
copper-clad laminates were determined. Results of evaluation are shown in Tables 1 and 2. Determination of the above 
properties was made as described below. 

20 1 . Flame retardancy 

[0031] This was evaluated by the vertical flame method according to UL-94 standards. 

2. Soldering heat resistance 

25 

[0032] This was determined according to JIS C-6481 . Each test piece, which had been subjected to a moisture 
absorbing treatment by 2-hour boiling, was immersed in a 260°C solder bath for 120 seconds and examined for ab- 
normality of external appearance. 

30 3. Copper foil peel strength 

[0033] This was determined according to JIS C-6481 . 

4. Chemical resistance 

35 

[0034] Per cent loss in weight after 1 0-minute immersion in a 20 wt% aqueous solution of sodium hydroxide of 80°C 

(a) and per cent loss in weight after 96-hour immersion in a 20 wt% aqueous solution of potassium persulfate of 70°C 

(b) were determined. 
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Notes in Tables 1 and 2: 
[0035] 

1) Epiclon N -770 produced by Dainippon Ink and Chemicals, Inc., epoxy equivalent: 190 

2) Epiclon N-690 produced by Dainippon Ink and Chemicals, Inc., epoxy equivalent: 210 

3) ESN-155 produced by Shin Nittetsu Chemical Co., Ltd., epoxy equivalent: 275 

4) NC-3000P produced by Nippon Kayaku KK, epoxy equivalent: 275 

5) Milex XLC-LL produced by Mitsui Chemical Co., Ltd., hydroxy equivalent: 175 

6) LA-7054 produced by Dainippon Ink and Chemicals, Inc., hydroxy equivalent: 125; nitrogen content: 12 wt% 

7) PR-51470 produced by Sumitomo Durez Co., Ltd., hydroxy equivalent: 105 

8) R-54537 produced by Sumitomo Durez Co., Ltd., hydroxy equivalent: 190 

9) 9,1 0-dihydro-9-oxa-1 0-phosphaphenanthrene-1 0-oxide 

[0036] As seen from Tables 1 and 2, any of the copper-clad laminates obtained in the Examples has excellent flame 
retardancy, soldering heat resistance and chemical resistance. 

[0037] As described above, the flame-retardant resin composition according to the present invention, without con- 
taining any halogen compound, has surpassing flame retardancy and also excels in other properties such as heat 
resistance. Thus, the present invention provides a novel thermosetting resin composition useful as a halogen-free 
material which is expected to rise in demand in the future. The prepregs and laminates produced from the above resin 
composition, and the printed circuit boards comprising such laminates, are also excellent in not only flame retardancy 
but also other properties such as soldering heat resistance. 



Claims 

1. A flame-retardant resin composition comprising as essential components (A) an epoxy resin, (B) a curing agent, 
and (C) a phosphorus compound containing at least as a part thereof a phosphine oxide compound. 

2. A flame-retardant resin composition according to Claim 1 , wherein part or whole of the epoxy resin (A) is a novolak 
epoxy resin. 

3. A flame-retardant resin composition according to Claim 2, wherein part or whole of the epoxy resin (A) is a phenolic 
novolak epoxy resin, a cresol novolak epoxy resin, or a mixture of a phenolic novolak epoxy resin and a cresol 
novolak epoxy resin. 

4. A flame-retardant resin composition according to Claim 1 , wherein part or whole of the epoxy resin (A) is at least 
one member selected from the group consisting of phenolic aralkyl epoxy resins represented by the formula (1), 
naphthalene aralkyl epoxy resins represented by the formula (2) and biphenyl-modified epoxy resins represented 
by the formula (3): 




wherein n is a natural number, 
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wherein n is a natural number, and 




wherein n is a natural number. 

Aflame-retardant resin composition accordingto Claim 1 , wherein partorwhole of thecuring agent (B) is a novolak 
resin. 

Aflame-retardant resin composition accordingto Claim 1 , wherein partorwhole of thecuring agent (B) isatriazine- 
modified novolak resin represented by the formula (4): 



R 




wherein R is NH 2 , alkyl group or phenyl group; and m and n are each a natural number. 

A flame-retardant resin composition according to Claim 1 , wherein part or whole of the curing agent (B) is at least 
one member selected from the group consisting of phenolic aralkyl resins represented by the formula (5), naph- 
thalene aralkyl resins represented by the formula (6), biphenyl-modified novolak resins represented by the formula 
(7) and toluene-, xylene- or mesitylene-modified novolak resins represented by the formula (8): 
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wherein n is a natural number, 





(CH3), 

wherein m and n are each a natural number, and € is a number of 1 , 2 or 3. 

. A f lame-retardant resin composition according to Claim 1 , wherein a triazine-modified novolak resin of the formula 
(4) and at least one resin selected from phenolic aralkyl resins of the formula (5), naphthalene aralkyl resins of the 
formula (6), biphenyl-modified novolak resins of the formula (7) and toluene-, xylene- or mesitylene-modified no- 
volak resins of the formula (8) are used in combination as the curing agent. 

. A f lame-retardant resin composition according to any one of Claims 1 to 8, wherein the phosphine oxide compound 
is triphenylphosphine oxide. 

0. A flame-retardant resin composition according to Claim 9, wherein 9,1 0-dihydro-9-oxa-1 0-phosphaphenanthrene- 
10-oxide is contained as part of the phosphorus compound (C). 

1. A prepreg obtained by impregnating a flame-retardant resin composition as set out in any one of Claims 1 to 10 
in a fiber base. 
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A laminate characterized in that a single sheet or a pile of two or more sheets of the prepreg as set out in Claim 
11 is hot-pressed. 

A copper-clad laminate characterized in that a single sheet or a pile of two or more sheets of the prepreg as set 
out in Claim 11 is hot-pressed. 
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ABST|||||||||||NO: EP 1 1 1 6774 A2 
BASIC-ABSTRACT: 

NOVELTY -The flame retardant resin composition comprises an e|p|||||||||| 
resin, a curing agent and a phosphorus compound containing at least a 
phosphine oxide compound. 

DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(1 ) a prepreg obtained by impregnating the resin com j§||||§n in a fiber 
base; and 

(2) a laminate obtained by hot pressing a single sheet or a pile 
more sheets of the prepreg . 

USE - As base :ri||l||||for prepregs and laminates used for electrical and 
electronic r^^^^^^^^^^^f printed circuit boards. 

ADVANTAGE - The resin ||J||||j!bri has excellent flame retardancy. Since 
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halogen containing ^^^^^^^^Bs not used, t03^^^^^B} m P° unci 
is not released during pyrolysis. Disposal is made easier. Carbonization of 
the resin is accelerate||||||||||e combustion is pre||||ed. 

PHI IIK/Al PNIT-ARQliliHIiil 


POLYMERS 

Preferred Composition: The epoxy resi 
a phenolic epoxy resin and/or cresol nc 

The resin is chosen from phenolic aralh 
naphthalene aralkyl epoxy resin of torn 




n is illlllllk epoxy resin, preferab||iH 
>volak epoxy resin. 

;yl epoxy resin of formula (I), 

lula (II) and biphenyl-modified epoxy 


resin of formula (III), 
m, n = natural number. 




|||i|icurin||||i|t comprises phenolic aralkyl resins of formula (V), 
^^^^^^^^^^^^^^B 1 kyl resin of formula (VI). biphenyl-modified novo lak resin 
(VII) or xyj|||||||||i|itylene-modified novolak resin of formula (VIII) with 


r^^^^^^^^M 3 ra b 1 y triazine-modifie dnovolakresinofformul a (IV). 


n = ini nil. aiKyi or pnenyi: 
U 1,2 or 3. 

m, n = natural number. 
INORGANIC CHEMISTRY 














Preferred Composition: The phosphine 
phosphine oxide. |||||||||| 


oxide compound is triphenyl 




The phosphorus compound compr|||| |||||9,1 0-dihydro-9-oxa-1 0- 

The laminate obtained from the prepreg is a copper-clad laminate. 

Phenolic novola||li|||||esin (in parts weight ) (100) mixed with phenolic 
aralkyl resin (49), tr||||||||hodified phenolic novolak fiillllilillt n d triphenyl 
phosphine oxide (40), was dissolved in methyl cellosolve to obtain a varnish 
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with 60 weight% non-volatile concentration. l||||||||||||;ad phosphorus || 
content of 2 wt.%and nitrogen content of 1 .7 wt.%with 00 wt.% 

of the epoxy resin, curing agent and phosphorus compound. The varnish 
wasimpregnated on ^^^^^^^^^^^^^^^^^)6egreesCioT 5 \ 
minutes to obtain ^^^^^^^^^^^^t of resin content. 6 prepreg 
sheets were heat ||||||l||||||||in a laminate with copper cladded on both 
sides. ^^^^^^^^H illlllllllllllllllllll 

The laminate had a fla(||||||||||dancy of V-0 according to UL-94(TM), no ||||| 
abnormality in soldering ^^^^^^^^B 1 ^ copper foil peel strength of 1|| 
k N/m . C h e m i c al r es i s t a n c e 0 . 1 5 w t . % I o ss w h e n 

immersed in sodium hydroxide, a|l|||||||||b and 0.05 wt.% loss when 
jjjnersed in potassium persulfate solution, at 70 degreesC. 

llllililllll FLAME RETARD RESIN COMPOSITION BASE MATERIAL 
^^^^B PREPREG LAMINATE PRINT CIRCUIT BOARD COMPRISE 
^^^^^M EPOXY CURE AG^^^^WlORUS COMPOUND WMSMSi 
^^^M CONTAIN PHOSPHINE OXIDE 

DERWEn|||||||: A21 A85 E1 1 L03 P73 Vo||l||||| 

CPI-COD^^M A05-A01 B; A08-D01 ; A08-F03; E05-G; E05-G01 ; E05- 

^^^^^^^^^B 2 : L03-H04E1; 
EPI-C(||lil|||||||| V04-R07L ; V04-X0 1 B ; 

CHEMICALlllltS: Chemical Indexing M3 *01* Fragmentation Code B515 

B701 B720 B743 B81 5 B831 G01 0 G01 9 G1 00 M^^M 
M1 21 M1 29 M1 44 M280 M320 M41 1 M51 0 M520 M533 
M540 M781 Q130 QUO Q332 Q441 Q454 Q6|lllilil|l|||||| 
Specific Compounds R05423 ll||||ry Numbers 389 

llllill hemicallndexingM3*02*Fragme nil!!! C o d e B 6 1 5 

ll&fe.^'' B701 B71 1 B71 2 B720 B741 B760 B81 3 B81 5 B831 
: mS^^^^^KlB84Q D01 1 D220 M280 M320 M41 1 M51 1 M520 M530 

M540 M781 01 30 01 40 Q332 Q441 Q454 Q621 Ring 
Index Numbers 40822 Specific Compounds R07571 
Registry Numbers. 130849 
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ENHANCED-POLYMER-INDEXING: Polymer Index [1 .1] 01 1111105 G1 092 

D01 D1 9 D1 8 D31 D5Q D76 D86 F31 F30 
R00868 181: H0011*R: P0497 P0464 
P0226P0282 M2175 D01 D18; 

Polymer Index [1 .2] 01 8 ; G1 1 lllilllllllll 
G1 1 05 G1 iillil D1 1 D1 0 D1 9 D1 8 
Dllllll D76 D87 F31 F30; H001 1*R; 
^■^^^^^^^^^^^^^■26 P0282 M2175 D01 

■111 D18; lllllllllllllllllllllllllllllll 



Polymer Index [1 .3] 018 ; D01 D1 1 111 
D19 D18 D32 D76 D50 D93 F31 F30; 
P0464*R D01 D22 D42 F47; P0453 
IIII2 P0044 D01 D18 F30; M9999 
M2175; M9999 M2200; 



Polymer Index [1.4] 018 ; D01 D11 D10 
D19 D18 D20 D33 D76 D78 D50 D93 F31 
F30; P0464*R D01 D22 D42 F47; P0453 
P0442 P0044 D01 D18 F30; M9999 
M2 1 75 ; M9999 M2200 ; 



Polymer Index [1.5] 018 ; ND04; B9999 
B4239; K9745*R; K9892; K9789; N91H 
N6042*R; N9999 N7192 N7023; Q9999 

Q7818*R; K9574 K9483; K9676*Ft^M 
K9552 K9483; Q9999 Q7454 (IllllB 



Polymer Index [1 .6] 018 ; A999 Allllll 
A999A771; 



Illymer Index [1 .7] 018 ; D01 DOlliill 
D22 D33 D79 D42 D44 D50 D92 F20 111 
5A O* 6A; D01 D19 D18 D33 D50 D71111 
D93 F20 O* 6 A P* 5 A R05423 389; A999 
A248*R; A999 A771 ; i^^^^^^^B 



Polymer Index [1,8] 018 ; S9999 
S1070*R; A999A419; 



Polymer Index [2.1 ] 018 ; G1 1 05 G1 092 
D0111I1d18 D31 D50 D76 D86 F31 F30 
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R00868 181;G1649*RD01 F07D11 D10 
D1 9 D1 8 D23 D22 D31 D32 D76 D45 
D50 Dil D89 F09 F1 0; H0033 H001 1 ; 
P0226 PQiilli D01 D1 8 F30; A999 
A1 57*R; A999 A782; H0260; P0259*R 
P0226 D01; III 

Polymer llllll)|.2] 018 ; D01 lllllllllll 
D19 D18 D32 D76 D50 D93 F31 F30; 
P04llll442 P0044 D01 D18 F30; A999 
A 1 57* R; A999 A782 ; : 

Polymer Index [2.3] 018 ; D01 D11 D10 
D19 D18 D20 D33 D76 D78 D50 D93 F31 
F30; P0453 P0442 P0044 D01 D18 F30; 

A999 A 1 57* R; A999 A782 ; i^^^^m 



Polymer Index [2.4] 018 ; G1105 G1092 

II D0 1 D19 D18 D31 D50 D76 D86 F31 F30 

III RO 08 68 181; G2313 D01 D02 D11 D10 
III D19 D18 D31 D76 D50 D87; D01 D02 

011 D10 D19 D18 D31 D50 D76 D87 
111 R00862 26; H0033 H001 1 ; P0226 11111 

111 P0282*R D01 D18 F30; A999 A157*R; 

A999 A782; 

Polymer Index [2.5] 01 8 ; G1 1 1111192 
■I D01 D19 D18 D31 D50 D76 D86 F31 F30 

R00868 1 81 ; G231 3 D01 Dllllllilllllllll 
IIP D10 D19 D18 D31 D50 D76 dlliil 

H0033 H001 1 ; P0226 P0282*R D01 D18 

F30;A999A157*R; A999 A782; 

Polymer Index [2.6] 01 8 ; G1 1 05 G1 111! 
D01 D19 D18 D31 D50 D76 D86 F31 F30 
II1II8 1 81 ; G231 3 D01 D02 D1 1 Mi 

illllil 8 D31 D76 D50 D89; HOOSlllillllll 
H001 1 ; P0226 P0282* R D01 D18 F30; 
rtKKtt#^;A9&9 A782 ; 



SECONDAR^|||-NO: 

CPI Secondary J||||||||||l|nbers: 2001 -1 75470 
Non-CPI Secondary Accession Numbers: 2001-440564 



file:///CI/Documents%20and%20Settings/vchen/My%20Do...8_2008-06-23_EP_1116774_ A_2_M_AccessibleVersion.htm (7 of 8)6/23/2008 10:03:38 AM 



DERWENT-ACC-NO: 2001-591317 



file:///CI/Documents%20and%20Settm^ (8 of 8)6/23/2008 10:03:38 AM 



